ISSN 2782-604X

HAYYHO-TEXHUYECKUW XXYPHAN

ABTOMATH3ALIUA
U MHOOPMATU3ALIMA TOK

SCIENTIFIC-TECHNICAL JOURNAL

AUTOMATION AND INFORMATIZATION
OF THE FUEL AND ENERGY COMPLEX

9(602) « 2023

MOCKBA ¢ T'YEKWHCKUA YHUBEPCUTET



ABTOMATU3ALUA
N UHOOPMATU3ALIUA TOK

Hay4yHo-TexHu4YecKkui XypHan

OcHoBaH B 1973 T.

BbixoanT 12 pas B rog

Ne 9(602)

CeHTAOpL 2023 T.

Yupeoumens sncypnana — denepansHoe
TOCyIapCTBEHHOE aBTOHOMHOE 00pa3oBaTelbHOe
yupexaeHue BrIcIero oopasosanus "Poccuiickuit
TOCYIapCTBEHHBII YHUBEPCUTET HE(YTH U raza
(HaLMOHANIBHBIIN HCCIIEA0BATEILCKUN YHUBEPCUTET)
nmenn .M. I'yOxuna"

PEJIAKIJHOHHAA KOJIJIETHA:

Kasax A.C. (enasnviii pedakmop) — 1-p TeXH. HayK, mpodeccop,
yuensiii cekperaps OOO "HUUrazskonomuka", r. MockBa;
Abpamos I'.C. (3am. 2nasnozo pedakmopa) — 1-p KOH. HayK,
TK 024 "Mertponorudeckoe obecriedeHre 100694 U ydeTa
3Hepropecypcos (Gkuakoctel u ra3on)", r. TroMeHb;

Kucnenxko H.A. (3am. enagnozo pedakmopa) — KaHJ. TEXH. HayK,
HavyaneHUK JlenapramenTa ITAO "T'asnpom", reH. 1upexTop
00O "HUMUrazskonomuka", r. Cankr-IletepOypr, r. Mocksa;
Toszonsikos A.I1. (3am. enasnozo pedakmopa) — 1-p TEXH. HAYK,
npodeccop PI'Y Hedtn u raza (HUY) umenu .M. I'yOkuna,

r. Mockaa;

byosynax B.B. — 1-p TexH. HayK, Ipodeccop, Ipe3HaeHT

CPO "ACTuHK", r. Mocksa;

Ipucopves B.A. — an.-xop. PAH, 1-p TexH. Hayk, nmpodeccop,
HavaJbHUK oTaena Yuenoro coera OOO "I'aznpom BHUH-
I'A3", r. Mocksa;

TI'ypesuy M.C. — CoBetnuk ret. aupekropa OOO "Cucremsl
Hedrs u T'a3", neiicrBurensuslit uien PMA, r. Mocksa;
Joicasados H.I'. — n1-p TexH. Hayk, npodeccop, akan. Mexny-
HapoJiHOi 1 AzepOaiimxanckoit MHxeHepHoit Akagemuid,

ren. aupektop HAKA, r. Baky;

JKyukoe K.H. — xaHz. hu3.-MaT. HayK, TOICHT, HAYAIBHUK
ALI'TI AO "T'a3npom auarnoctuka", r. Cankr-IlerepOypr;
Kanegckas P.JI. — n-p TexH. HayK, npodeccop, HadalbHUK
oT/IeN1a HAyYHO-TCXHHYCCKOTO PA3BUTUSI 1 MOJCIMPOBAHHS

AO "VHCTUTYT reosoruu U pa3paboTKH TOPIOYNX UCKOAeMBbIX"
ITAO "HK "Pocued1s", 3aB. Kadenpoii PI'Y Hedn 1 raza
(HWNY) umenun U.M. I'yOkuna, r. MockBa;

Kenue E.Al. — ipodeccop, 3aB. kapeapoit YHUBepcuTeTa
[Manep6opw, I'epmanmus;

Kuszuna M./l — KaHJ. TEXH. HayK, JIOIIEHT, 3aM. TeH. IUPEKTOpa
AO "He¢reaBromartuka", nupexrop Jlenapramenra pa3paboTku
u Baeapenust UACY, r. Yia;

Kocmoepuizo6 A.M. — 1-p TexH. HayK, npodeccop, IIaBHbIH
HayuHblif corpyanuk, ®UIL MY PAH, r. Mockaa;

Kyzakoe O.H. — 1-p TexH. HayK, JIOLEHT, 3aB. kKadenpoit TUY,
r. TroMeHb;

Kyuymos P.A. — n-p TexH. Hayk, npodeccop, PI'Y HedtH u raza
(HWNY) umenn U.M. I'yOkuna, r. MockBa;

Jlebeoes B.I'. — 1-p TEXH. HAyK, TNIaBHBII HAyYHBIH COTPYIHHUK
UITY PAH, r. Mocksa;

Jlonamun A.C. — 1-p TeXH. HayK, ipodeccop, 3aB. Kadeapoii
PI'Y nedty n raza (HUY) umenn U.M. I'yOkuna, r. Mocksa;
Jlykesnoe J.E. — 1-p TEXH. HayK, 3aM. T€H. IUPEKTOpA M0 HAy4-
Hoit pabote HIIII reodusuyeckoii anmapatypst "Jly4", r. HoBo-
CHOHpCK;

Cuoopoé B.B. — xanj. TexH. HayK, 3aB. Kadeapoii PI'Y nedtu u
raza (HUY) umenu .M. T'y6kuna, r. Mocksa;

Cmenun FO.I1. — n-p TexH. Hayk, npodeccop PI'Y nedru u raza
(HIY) umenn U.M. I'y6kuHa, T. MockBa;

Cyxapes M.I". — 1-p TexH. Hayk, npodeccop PI'Y HedrtH 1 raza
(HWNY) umenn U.M. I'yOkuna, r. MockBa;

Tepexuna I'.B. — BeIycKaromuii penakTop, M3garensckuit

oM "['y6xun", r. Mocksa;

Daghypun B.A. — 1i-p TexH. Hayk, npodpeccop, KHUTY, r. Kasaus.

COOEPXAHME

NAMATHBIE OATbI

K 80-1eTuro Jleonuna UBanoBu4a I'pUropbeBa .............ccceceeveeeeennne

NH®OPMALUMNOHHbIE, N3MEPUTENbHbLIE, 3KCMNMEPTHbIE,
OBYYAIOLUME CUCTEMbDI

Jleono /I.I'., lanuauna T.M., Crenankuna O.A. Pa3Butne apxu-
TEKTYPbl PAaCUeTHO-WHTETPALIMOHHON IIaTGOPMBI MIOCTPOCHUS LUPPO-
BBIX JBOMHUKOB M MHTEIUIEKTYaJbHBIX CPEACTB HMOIJEPKKH MPUHATHUSI
pereHni U1 00BbEKTOB ECT ...o.iiiiiiiiiiiiiiiiccccccee

CanpixoBa A.K., ManunoBckas I''H. MaremaTtudyeckue MOACIH IS
pacyera MaTCPUATBHOTO OATTAHCA TA3Q ....veveerverreeneereeeneeseeneensesneensesseeeens

MATEMATUYECKOE MOOENNPOBAHUE U NMPOrPAMMHOE
OBECINEYEHUE

Myxuna A.I'., Crenun IO.II., Kamankuna A. MopgenupoBanue u
ONTUMH3ALMSA BBIOOPA TEXHOJIOTMU KOMIUIEKCHOH IOJITOTOBKH ra3a .......

Barayraunos K.I., Boakos /I.A. OntuMuzanus MapipyTH3aLuU
OpHraj Ha OCHOBE 3BPUCTUYECKUX METOIOB PELICHHs BapHalMH 3a1aqn
KOMMEBOSIKEPA ... eevenvenrenteueerestenseneenseneeuesuessessensenteseeueseessensenseseesessessensens

AbpamenxoBa K.H., TynbiceB A.M. Konuenuus aBToresepanuy mnpo-
rpaMMHOTO 0JI0Ka B 3aJa4ax MHTETPAlui HHOOPMAILIMOHHBIX CHCTEM.....

Coaomatun A.H., Boobuies B.H. IlporrosmpoBanue pa3pabOTKH
HEQPTAHBIX MECTOPOMKICHHMI. ...cvevvveenreniieteiiirenineetereneseenere et eneseneenennene

BbICTABKN ¢« CUMIMO3UYMbIl ¢ KOH®EPEHLINU

Matepuansbi XVIII Bcepoccuimckoro HaydHOro ceMmHapa ¢ MexayHa-
poaHbIM yyactuem "MaTtemaTuyeckue moaenu U metoabl aHanusa
M ONTUMANbHOFO CUHTE3a pa3BMBalOLWMXCA TPYOONMPOBOAHBLIX W
rmgpaBnu4yeckux cuctem”

Cupiep U.B., HoBuukuii H.H., I'paxnanneBa E.JO. AnbsrepHarus-
HBIE METOIBl pELICHUs TUNepOOIMYECKOll CHUCTEMBl ypaBHEHUH B
YIOPOLICHHOH 3a/1a4€ TUAPABIHUECCKOTO YIAPA c..evvenveenrenrennrevenmeerenseeneens

15

20

34

41

46

© PI'Y medrr u raza (HUY) umenn U.M. I'y6xuna, 2023



AUTOMATION AND INFORMATIZATION
OF THE FUEL AND ENERGY COMPLEX

September 2023

Ne 9(602)

Scientific-Technical Journal
Founded in 1973

12 issues per year

CONTENTS

MEMORABLE DATES

For the 80" anniversary of Leonid Ivanovich Grigoriev.....................

INFORMATION, MEASURING, EXPERT, TRAINING SYSTEMS

Leonov D.G., Papilina T.M., Stepankina O.A. Building of digital
twins and intelligent decision-making support means for the objects of
the Unified Gas SUPPIY SYSEEM .......c.ceririeirieineiereceeeeceeee e

Sadykova A.K., Malinovskaya G.N. Mathematical models for calcu-
lating the material balance of gas.........c.ccceoeevireinienrcceee

MATHEMATICAL MODELING AND SOFTWARE

Mukhina A.G., Stepin Yu.P., Zhamankina A. Modeling and optimi-
zation of choosing complex gas processing technologies..............c.cceu....

Bagautdinov K.Sh., Volkov D.A. Optimization of a crew routing
based on heuristic methods for solving a variation of a traveling sales-
MAN PrODIEM ...ttt

Abramenkova K.N., Tupysev A.M. The concept of automatic genera-
tion of a program block in the problems of integration of information
SYSLEIMS <..vvvieieiiietete ittt ettt b bbbt s et s bbb tese et s sttt sennaes

Solomatin A.N., Bobylev V.N. Forecasting the development of oil
FIEIAS .o

EXHIBITIONS ¢ SYMPOSIA « CONFERENCES

Proceedings of the XVIII All-Russian scientific seminar with interna-
tional participation "Mathematical models and methods of analysis
and optimal synthesis of developing pipeline and hydraulic sys-
tems”

Sidler 1.V., Novitsky N.N., Grazhdantseva E.Yu. Alternative methods
for solving a hyperbolic system of equations in a simplified hydraulic
SNOCK PrODIBM ...

15

20

34

41

46

Founder of Journal — National University of Oil
and Gas "Gubkin University"

EDITORIAL BOARD:

Kazak A.S. (Chief Editor) — Dr. of tech. sci., Professor, Academic
secretary of LLC "NIIgazekonomika", Moscow;

Abramov G.S. (Deputy-Chief Editor) — Dr. of econ. sci., TC 024 "Metro-
logical Support of Production and Accounting of Energy Resources
(Liquids and Gases)", Tyumen;

Kislenko N.4. (Deputy-Chief Editor) — Cand. of tech. sci., Head

of the Department of PJSC "Gazprom", General Director of
LLC "Nllgazekonomika", St. Petersburg, Moscow;

Pozdnyakov A.P. (Deputy-Chief Editor) — Dr. of tech. sci., Pro-
fessor, National University of Oil and Gas "Gubkin University",
Moscow;

Budzulyak B.V. — Dr. of tech. sci., Professor, President of the
Self-Regulated Organization "Association of constructors of gas
and oil complexes", Moscow;

Grigoriev B.A. — Corresponding member of RAS, Dr. of tech. sci.,
Professor, Head of the Department of the Academic Council of
LLC "Gazprom VNIIGAZ", Moscow;

Gurevich M.S. — Adviser of the General Director of LLC "Sys-
tems of Oil and Gas", full member of RMA, Moscow;
Dzhavadov N.G. — Dr. of tech. sci., Professor, Academician of
the International and Azerbaijan Engineering Academy, General
Director AZNAA, Baku;

Zhuchkov K.N. — Cand. of phys.-math. sci., associate professor,
Director of the Analytical Center of gas industry of JSC "Gaz-
prom diagnostics", St. Petersburg;

Kanevskaya R.D. — Dr. of tech. sci., Professor, Head of the
Department of Scientific-Technical Development and Modeling
of JSC "Institute of Geology and Development of Fossil Fuel" of
PJSC "NK "Rosneft", Head of the Department of National Uni-
versity of Oil and Gas "Gubkin University", Moscow;

Kenig E.Ya. — Dr. Ing. Habil, Head of the Department of Pader-
born University, Germany;

Kizina I.D. — Cand. of tech. sci., associate professor, Deputy-
General Director of JSC "Nefteavtomatika", Director of deve-
lopment and implementation "Integrated ACS" Department, Ufa;
Kostogrysov A.I - Dr. of tech. sci., Professor, Chief scientific
employee, Federal Research Center Computer Science and Con-
trol of the Russian Academy of Sciences, Moscow;

Kuzyakov O.N. — Dr. of tech. sci., assistant professor, Head of the
Department of TIU, Tyumen;

Kuchumov R.Ya. — Dr. of tech. sci., Professor, National Universi-
ty of Oil and Gas "Gubkin University", Moscow;

Lebedev V.G. — Dr. of tech. sci., Chief scientific employee of In-
stitute of Control Sciences RAS, Moscow;

Lopatin A.S. — Dr. of tech. sci., Professor, Head of the Depart-
ment of National University of Oil and Gas "Gubkin University",
Moscow;

Lukyanov E.E. — Dr. of tech. sci., Deputy-General Director on
Scientific work of "Luch" — Scientific-Production Company of
geophysical equipment, Novosibirsk;

Sidorov V.V. — Cand. of tech. sci., Head of the Department of Na-
tional University of Oil and Gas "Gubkin University", Moscow;
Stepin Yu.P. — Dr. of tech. sci., Professor, National University of
Oil and Gas "Gubkin University", Moscow;

Sukharev M.G. — Dr. of tech. sci., Professor, National University
of Oil and Gas "Gubkin University", Moscow;

Terekhina G.V. — production editor, "Gubkin" publishing house,
Moscow;

Fafurin V.A. — Dr. of tech. sci., Professor, KNRTU, Kazan.




Hnoekc yncypnana

10338, 10339 — no 00beAMHEHHOMY KaTajory
"IIpecca Poccun".

CBUIETENBCTBO O PETUCTPALIUK CPENCTBA
MaccoBoii uapopmanuu [T Ne ®C 77-74504
or 07.12.2018 r.

Kypnan no pemenuro [Ipesunuyma BAK
Muno6pa3oBanus u Hayku P® Bxonur B
"[lepedeHb peLieH3UPYEMbIX HAyYHBIX XKyPHAJIOB
Y M3JJaHUH, B KOTOPBIX TOJDKHBI OBITH OITyOJIUKO-
BaHBI OCHOBHBIE Hay4HbIC PE3yJIbTAThl JUCCEPTA-
I[Uii Ha COUCKAHNE y4eHBIX CTeleHell kannuaaTa
U JIOKTOpa Hayk".

Kypnan Bxmouen B Poccuiickuil unnexc
Hay4Horo uutupoBanus (PUHL) u
MEXIYHapOJHyI0 0a3y JaHHbIX U CHCTEMY
muruposanus Chemical Abstracts.

WznarensctBo — U3narensckuii 1om "I'yOkun"
PT'Y nedru u raza (HUY) umenn U.M. I'yOkuna

Anpec penakuun: 119991, Poccus, r. Mocksa,
Jlenunckuii npocrr., 65, kopr. 1.
Ten. 8-499-507-91-49

Caiit: https://www.gubkin.ru;
e-mail: zavyalov.a@gubkin.ru,
zavyalovap@yandex.ru,
atisoil@mail.ru

Benyuwii penakrop: I.B. Tepexuna

Komnstotepnsiit Habop: B.B. Bacuna
Komnstotepnast Bepctka: JI.11. Ywankuna
Koppexrop: A.B. Tkauesa

Tlepeon: O.M. bucsapuna

IToamucano B meuyars 30.08.2023 1.
®opmat 84x108Y1.

Ve med. . 6,72 . Ya.-u3n. . 6,85.
Tupax 1500 3k3.

Ilena cBOOOAHAS.

IleuaTHO-MHOKUTETBHAS Ga3a:
000 "UHA "TIpecc-Meno"
129128, Poccwust, . Mocksa, yi. ManaxuroBas, 21.

Ipu neperneyatke MaTepualia CChlIKa Ha H3TaHHUE
00s13aTeNbHA.
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CBEJICHUI.
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